SUMMARY Estimates of the Paneth cell population in human jejunum and ileum were made using measurement of the granule area in 'Um2 by image analysis in a defined number of crypts. This figure was preferable to granule area per mm as there was a significant difference in crypts per mm between biopsies and surgical samples.
In the jejunum no significant difference was found between normal children and adults with and without peptic ulcer. In adults with subtotal or partial villous atrophy the decrease in area was not statistically significant and there was no decrease in area in children with partial villous atrophy and coeliac disease.
There was a marked increase in granule area in the jejunum of patients who had had a previous partial gastrectomy which was statistically significant.
In the ileum patients with carcinoma of the caecum had higher values than patients with non-inflammatory non-malignant conditions but this was not statistically significant and two patients with Crohn's disease had an increased granule area.
Paneth cell populations are affected by alterations in the intestinal luminal environment due to previous surgery or neoplastic or (b) Active coeliac disease The subjects were four adults with untreated coeliac disease and eight children with subtotal or partial villous atrophy due to untreated coeliac disease in four cases and after gluten challenge in four cases. Gluten challenge consisted of a normal diet for 6 months to 2 yr after previous gluten withdrawal in three cases and a gluten-free diet with either added gluten or bread for three months in one case.
2 Surgical specimens. All adults (a) Jejunum was obtained during anastomotic operations including partial gastrectomy for peptic ulcer (n = 7), gastrointestinal anastomosis for recurrent peptic ulcer after previous surgery (n = 7) and gastric carcinoma (n = 9). (b) Ileum from patients with non-inflammatory, non-malignant disease including Meckers diverticulum, angiodysplasia, polyposis coli without malignant change and non-malignant obstruction (n = 7); ("Control") ; carcinoma of right side of colon (n = 3); carcinoma of caecum (n = 8) and Crohn's disease (n = 6).
STAINING TECHNIQUE
All samples were fixed in formol saline and processed routinely. Paraffin sections (4-5 ,um) were cut and stained with haematoxylin and eosin and also with a modification of Lendrum's phloxine tartrazine omitting the nuclear stain, the procedure being as follows:
The dewaxed sections were stained for 5 min in 0-5% phloxine in 0-5% CaCl2, rinsed in water and then differentiated in a saturated solution of tartrazine in Cellosolve until the Paneth cell granules stood out clearly against a yellow background. This took between 10 and 60 min and was controlled for each slide. When complete the slide was rinsed in Cellosolve, put in 95% ethanol and dehydrated and mounted in Canada balsam or DPX. The Paneth cell granules, enterochromaffin cell granules and erythrocytes appeared bright red against a yellow background.
Long periods of differentiation were needed for tissue from some cases of coeliac disease and Crohn's disease and in a few cases it was impossible to remove all red staining from the enterocyte cytoplasm.
ASSESMENT OF TISSUE SHRINKAGE
The number of crypts per mm was measured in 74 specimens stained with haematoxylin and eosin using an eyepiece graticule with a total scale length Elmes, Jones, Stanton of 0-6 mm at a magnification of x 160. At least two consecutive fields with a linear crypt base measurement of 1-2 mm were used but in larger specimens five consecutive fields with a crypt base measurement of 3 mm were observed and the number of crypts per mm calculated.
PANETH CELL GRANULE AREA MEASUREMENT Cell granule area measurements were made on 75 slides stained with phloxine tartrazine using a computer controlled quantitative image analyser.'0 This instrument comprises a closed circuit television system connected via a beam splitter attachment to a microscope. The image received from the microscope is processed by the TV system and a minicomputer so that component parts of the image can be selected according to the degree of light intensity which they contain.
Microscope specimens are stained so that items of interest, when viewed on a television monitor, assume a specific degree of light intensity and can therefore be discriminated from the background.
To aid the process of discrimination a pseudocolour binary image is superimposed over those parts of the television picture which share the same values of light intensity.'0 Once this has been done the selected regions can be processed by the computer to extract specific parameters relating to area, count etc. (Fig. 1) .
To measure Paneth cell area the slide was examined using an objective power of x 40 at a narrow bandwidth light wavelength of 546 nm. This ensured that the Paneth cells granules appeared on the television screen as dense black objects set against a relatively light background (Fig. 2) The image analyser was calibrated with a Zeiss stage micrometer so that an area of 100 ,um2 at the microscope specimen plane was equivalent to a television picture area of 134 x 134 picture points (pixels). Each Paneth cell group together with a small amount of background were isolated from surrounding artefact by enclosing the granules in a variable rectangular "window" which could be positioned anywhere on the screen. Only items within the window were included in the measurements.
The black Paneth cell granules were isolated from the relatively light background by a computer programme which examined the bimodal distribution of intensity levels within the image and then selected an optimum "threshold" at which to separate one from the other.
A pseudocolour was then superimposed over the detected Paneth cell area and the numerical data relating to this area was obtained from the printer. Table 1 shows the mean crypts per mm length of small intestine in the jejunum and ileum in both biopsy and surgical specimens. The group of control patients in the results from the ileum included non-malignant, non-inflammatory conditions requiring surgery such as Meckel's diverticulum, angiodysplasia of the ileum, polyposis coli and non-malignant stricture.
The overall pooled data was tested using a paired t test and a significant difference (p < 0-05) was found between surgical specimens and biopsies in the jejunum. Fewer crypts/mm were found in biopsy specimens, probably due to lack of a muscle coat, and therefore less shrinkage during fixation. The smaller number of crypts/mm in children's biopsies may in part have been due to different techniques in handling the tissue before fixation, the children's biopsies being spread out more than the adult ones. There was no difference between children with normal biopsies and those with subtotal or partial villous atrophy.
In adults when surgical specimens from the jejunum and ileum were compared more crypts per mm were found in the jejunum than in the ileum (p < 0-001), probably anatomical variation rather than tissue shrinkage.
PANETH CELL GRANULE AREA 'I; Fig. 3 Same slide as Figure 2 with Paneth cels arrowed. Post gastrectomy jejunum, phloxine tartrazine x 400. Jejunum Fig. 3 shows Paneth cell granules in a post gastrectomy patient with Paneth cell increase including one high up in the crypt. Table 2 gives the result found in biopsies from adults and children and there is no statistically significant difference between normal adults and children. The children have a lower mean value and some biopsies yielded very low counts due to apparent loss of Paneth cell granules as non-granulated cells in the correct position resembling Paneth cells were seen. This is probably due to biopsy trauma or medication as these cells were not found in surgical specimens. In a few children poorly stained Paneth cell granules were seen but the image analysis was usually sufficiently sensitive to measure granules with any tinge of red. Children with villous atrophy appeared to have fewer Paneth cells but due to the wide range of values in normal children this was not statistically significant. No child with villous atrophy had a high value in contrast to two of the normal children.
The results of both groups had a wide range of Changes in the Paneth cell population of human small intestine values. The mean value in villous atrophy was again lower than normal but did not attain statistical significance. The remaining estimations of Paneth cell area were done on surgical specimens and in every case some pathology was present in either stomach or intestine so no group can be considered as normal. Table 3 compares Paneth cell area in patients in group 1 (peptic ulcer, first operation), group 2 (previous partial gastrectomy requiring revision or a recurrent peptic ulcer) and group 3 (gastric carcinoma).
It is evident that the reoperated patients in group 2 had a mean Paneth cell granule area significantly higher than the other two groups (p < 0-05).
Ileum As in the assessment of tissue shrinkage results the patients were classified into groups. (Table 4 ) Group I included non-inflammatory, non-malignant conditions such as Meckel's diverticulum, angiodysplasia, polyposis coli and non-malignant stricture ("Control") . n = 7. Group 2 Carcinoma of the caecum. n = 7. Group 3 Crohn's disease. n = 6.
Group 1 had the lowest overall mean (71-2 4m2) compared with 113-3 ,Um2 in group 2 and 91-4 ,um2 in group 3, but it is apparent that there is no marked difference between groups 1 and 3. Group 2 appeared to have a considerably higher value than group 1 but on statistical analysis (paired t test) the p value was not significant in spite of the high levels in 4 of 8 patients. This is due to the small number of cases and one very low level. No significant increase in area over group 1 was found in the cases of Crohn's disease in group 3-the first four cases had no lesions in the portion of mucosa examined and had values comparable with group 1. Two patients The study on the effect of tissue preparation on crypts per mm demonstrates that techniques of estimating Paneth cell populations using linear measurements are more subject to error than those using a defined number of crypts. If both biopsy and surgical material is to be used the crypt counting method is essential.
In the jejunum the most marked increase was found in patients who required a second operation after a partial gastrectomy for peptic ulcer. Several of these patients had a very obvious increase in Paneth cells on microscopy with Paneth cells seen in unusual positions in the crypt (Fig. 3) . It has been suggested that Paneth cells are concerned in the 872 maintenance of a normal bacterial flora in the small intestine. '2 Preliminary work in rats demonstrated an increase in Paneth cells in intestinal stasis due to mecamylamine or a self-emptying blind loop but a decrease in Paneth cells in self-filling blind loops and self-emptying blind loops that showed a marked increase in the bacterial flora of the lumen.13 Further work has demonstrated an increase in the Paneth cell population in the ileum of rats reared in a low bacterial environment and in isolated Thiry-Vella loops but a decrease in self-filling blind loops.8 The aim of partial gastrectomy is to reduce acidity and this combined with altered intestinal mobility predisposes to gastrointestinal bacterial overgrowth. ' 
